with increases in cigarette smoking. Ex-cigarette smokers tended to
have results similar to those of nonsmokers. The authors found that
the mebrane component did not show any consistent change with in-
creased current cigarette smoking. whereas the volume of blood in the
lung capillaries decreased markedly with increased cigarette consump-
tion, and slightly with age. The value of this vascular component in
male nonsmokers was 75.5. This decreased to 49.1 in males who smoked
25 or more cigarettes a day (P<0.01). The figures for women were
77.2 and 50.7 for nonsmokers and smokers. respectively (P?<0.03).

Acetaldehyde is found in cigarette smoke and is a known ciliatoxic
agent. The single-breath retention of acetaldehyde vapor by the respi-
ratory tract of human subjects was measured by Egle (16/) who found
a direct relationship between the volume inhaled and the percent taken
up. Up to 90 percent of the inhaled acetaldehyde was removed in a
single breath.

Stanescu (79) studied the single-breath oxygen test in 38 male
smokers and 68 male nonsmokers who were in excellent health. A sig-
nificant difference (P<0.001) in the slope of the nitrogen gradient
between smokers and nonsmokers was found.

Teculescu (83) performed single-breath determinations of total lung
capacity in 89 males aged 19 through 67 who had normal chest X-rays
and no history of respiratory disease. No significant. ditferences were
found with age or smoking habits.

Pulmonary Clearance

Studies in Man

Tracheobronchial clearance rates were studied in nine pairs of mono-
Z¥gotic and nine pairs of dizygotic twins by Camner. etal. (72). A test
terosol of radioactively tagged teflon particles 6 to 7 microns in diam-
“ter was inhaled and external measurements of radioactivity in the
"“}gs were made. The clearance patterns within pairs of monozygotic
"Wins were similar, more so than clearance patterns within pairs of
dizygotic twins, indicating that tracheobronchial clearance rates may
0 some extent be constitutionally determined. Only one individual had
been g regular cigarette smoker.

Camner and Philipson (70) also studied tracheobronchial clearance
!t smoking-discordant twins, using the same techniques as in the pre-
1ous study : 10 pairs of monozygotic twins discordant with regard to
“Hrarette smoking were studied. All the smokers had used 10 to 20
“irettes a day for more than 20 years. Tracheobronchial clearance
V1S on the average. significantly (P<0.02) slower in the smokers
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than in the nonsmokers. Although the basic rate of mucociliary trans.
port may be constitutionally determined. it is evident that cigarette.
smoking decreases the effectiveness of this physiologic mechanism.

The regional deposition of inhaled aerosols in man was studied by
Lippmann, et al. (50), who used a monodisperse ferric oxide aeroso)
tagged with a radioisotope. Particles were deposited in the pharynx,
trachea. bronchi, and alveoli. Measurements were made in 65 adults
including 14 nonsmokers, 29 current cigarette smokers. six elderly
bronchitic patients, and one young asthmatic. Larger particles were
deposited in the upper airways by turbulent precipitation with only
the small particles of one to five micron size reaching the lower air-
ways. The cigarette smokers, bronchitics, and the asthmatic had g
higher proportion of particles deposited in the tracheobronchial ares
than nonsmokers. As a result, fewer particles reached the alveoli in
these patients. These findings may be the result of a decrease in the
diameter of the small bronchioles due to inflammation, mucus, or
bronchocoustriction,

Albert, et al. (3) studied the effects of cigarette smoking on the
kinetics of bronchial clearance in a group of volunteers most of whom
also participated in the previous study. A two-phase clearance pattern
was described for many subjects. The first, a short, rapid clearance
phase, was completed within a few hours and probably represented
clearance of the upper airways. The second phase varied in duration
from a few hours to 1 day and represented clearance of particles
deposited in the distal portions of the bronchial tree. The average
clearance time was 126 minutes in 18 nonsmokers, 170 minutes in 19 of
the smokers, and 238 minutes in the six patients with bronchitis, most
of whom had been heavy cigarette smokers for many years. Much vari-
ation in clearance rates was found among smokers. Cigarette smoking
resulted in diminished pulmonary clearance in the upper airways first,
As a result. mucus cleared from the lower airways accumulated in the
larger airways where stasis occurred. In severe cases, stasis was more
generalized throughout the bronchial tree.

Sanchis, et al. (74) also studied lung clearance mechanisms in nine
adult females who had smoked more than 15 cigarettes a day for more
than 5 years and who had no evidence of bronchitis or respiratory
disease. A group of nonsmoking females matched for age served as
controls. A heterodisperse aerosol of I'*' tagged human albumin was
inhaled by the volunteers, and measurements of radioactivity were
made over three crescentic areas of the right lung which corresponded
to large ciliated airways. intermediate bronchi, and nonciliated periph-
eral airways and alveoli. Cigarette smokers exhibited a slowing of the
rapid clearance phase of the large ciliated airways and also a relative
acceleration in the second clearance phase resulting in an accumula-
tion of activity at the hilar area. Comparing the clearance among
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smokers and nonsmokers, the authors found that the nonsmokers re-
tained twice as much activity in the lung at the end of 24 hours as did
the smokers. This finding resulted from the deposition of much more
of the aerosol distal to the ciliated airways in nonsmokers than in
smokers suggesting that seemingly healthy smokers may have obstruc-
tion of the small airways.

Camner, et al. (77) examined the short-term effects of heavy cigar-
ette smoking on mucocilary transport using the same methods as in his
previous studies (70. /2). The subjects were 13 men aged 27 to 38 who
had been habitual smokers for several years. Baseline clearance rates
were measured after refraining from cigarette smoking for 1 hour.
The subjects then repeated the test but were instructed to “chain smoke”
by inhaling the smoke as deeply and as frequently as possible, but
without coughing. Subjects smoked much more intensely than under
normal eircumstances. The speed of mucocilary transport was sig-
nficantly higher during intensive cigarette smoking than when they
were not smoking (P <0.01). These results differ from the results of
other investigators. The effect of the deep regular inhalation patterns
used during the period of heavy smoking on clearance rates remains
uncertain.

Studies in Animals

Rylander (73) studied the effect of cigarette smoke on the clearance
of radioactively tagged particles and viable bacteria in the lungs of
114 experimental and control guinea pigs. The clearance of particles
llleasures mucus transport whereas the clearance of viable bacteria is a
bartial indicator of phagocytic activity. Inhalation of smoke from
‘igarettes with varying levels of “tar” resulted in similar decreases in
both the mechanical and bactericidal clearance. In each case, the me-
vhanical clearance appeared to be affected earlier than the bactericidal
clearance. When phenylmethyloxadiazole (PMO) was added to the
tobacco, neither the mechanical nor bactericidal clearance was affected
by cigarette smoke.

Dalhamn and Rylander (74) also reported that phenylvinyloxadia-
zole (PVO) and phenylmethyloxadiazole (PMO), when added to
tobacco, were effective in reducing the ciliotoxic effects of cigarette
“oke in in vivo cat trachea preparations.

Phagocytosis

Rylander (72) studied the effect of acute and chronic exposure to
‘wirette smoke on the number of alveolar macrophages in the guinea
2. Aeute exposure to the smoke of five or more cigarettes. resulted in
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a significant (P<(0.05) reduction in the number of alveolar macro.
phages. With more prolonged exposure to cigarette smoke, an increase
occurred in the number of alveolar macrophages over control values,

The effect of nitrogen dioxide (NO,), a compound found in cigar-
ette smoke, on alveolar macrophages in rabbits was studied by Acton
and Myrvik (7). Phagoceytic activity and virus-induced resistance to
rabbitpox virus were suppressed by exposure to 15 p-p.m. of NO; over
a 3-hour period.

Bacterial and Mycological Studies

The prevalence of fungi in the throat was examined by Martin, et al,
(56) in a population of 365 male and 103 female European patients in
South Africa who were hospitalized for a variety of conditions. Throat
swabs were taken shortly after admission and plated on appropriate
culture media. The yeasts isolated were Rhodotorula mucilaginosa,
Torulopsis glabrata, and seven species of Candida. A seasonal varia-
tion in prevalence was noted with a decline in the winter and with
peaks in the spring and summer. Smokers of more than 30 cigarettes g
day had a higher prevalence of pharyngeal fungi than nonsmokers or
those smoking less than this amount. No effect of age or disease category
on the prevalence of pharyngeal fungi was found.

The bacterial flora in respiratory tree secretions obtained at bron.
choscopy from 207 patients with chronic lung disease and 48 controls
were characterized by Dobisova, et al. in a study from Germany (15).
No relationship was found between smoking or severity of respiratory
symptoms and the composition of the bacterial flora. They also reported
that smokers comprised 84.6 percent of those with chronic cough but
only 58.3 percent of the controls.

The effects of nitrogen dioxide and cigarette smoke on the retention
of inhaled bacteria were investigated by Henry, et al. (32). Male golden
hamsters were exposed to an aerosol of Klebsiclla pneumoniae follow-
ing exposure to NO, and/or cigarette smoke. A control group was ex-
posed to the pathogen without pretreatment. Acute exposure to either
NO. or cigarette smoke resulted in an increased mortality and de-
creased survival time from Klebsiella infections. Exposure to both NO,
and cigarette smoke reduced the rate of clearance of viable bacteria
from the lungs to a greater extent than exposure to either substance
alone. The increase in lethal effects of Klebsiella exposure may have
resulted from inhibition of the mucociliary transport system or reduc-
tion of phagoeytic capacity of the alveolar macrophages.
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